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© A device and method for efficiently rotating a 
rotating body in a layer structure consisting of a 
plurality of rotating plates arranged in layers and 
intends to provide a device for and method of rota- 
tion capable of efficiently converting sequentially in- 
put rotative driving power into the rotational energy 
of the whole of the rotating body in a layer structure. 
A rotating device of this invention comprises a lay- 
ered rotating body composed of a plurality of rotat- 
ing plates (11 to 17) arranged in layers with dis- 
tances therebetween and their rotating axes (3) 
aligned, in which, on each of said layered rotating 
plates (11 to 17) of the rotating body, groups of 
magnetic poles (31 to 37) are provided on the re- 



spective surfaces of the plates facing neighboring 
layers, said groups of magnetic poles (31 to 37) are 
made equal in polarity to those (31 to 37) on the 
opposing rotating plate (11 to 17) surfaces in the 
neighboring layers, and each magnetic pole in said 
groups (31 to 37) is arranged so as to be alternately 
opposite in the rotational direction to each one in 
groups (31 to 37) on opposing plates (11 to 17) in 
neighboring layers. Such a rotating device as above 
can be used as for example, a flywheel energy 
storage system when the rotating plates are used as 
flywheel disks and rotated at high speed to store 
rotational energy of the flywheel disks. 
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TECHNICAL FIELD 

The present invention relates to a device and a 
method for rotation, so adapted as to efficiently 
rotate a layered rotating body in a layer structure 
consisting of a plurality of rotating plates arranged 
in layers. 

For example, when the rotating plates are em- 
ployed as flywheel disks, such a rotating device 
can be employed for a flywheel energy storage 
system for storing rotating energy produced by 
rotating the flywheel disks at a high speed. 

BACKGROUND ART 

A flywheel energy storage system is so adapt- 
ed as to store rotational energy produced by rotat- 
ing a flywheel disk at a high speed, and the rota- 
tion of the flywheel disk is urged with an electric 
motor. For such a flywheel energy storage system, 
the rotational energy to be stored can be made 
greater as the flywheel disk becomes heavier and 
as it is rotated at a higher speed. 

In order to allow the flywheel disk having a 
heavy weight to rotate at a high speed from its 
stationary state within a short time, a large-size and 
large-rated electric motor having a great magnitude 
of a driving torque is required. Such an electric 
motor, however, is expensive and a place where it 
is to be installed should be large, whereby the total 
system also becomes too large in size. 

On the other hand, when the attempt is made 
to rotate a flywheel disk having a heavy weight at a 
high speed by an electric motor small in size and 
to drive the rotation of such a heavy flywheel disk 
directly by means of an output of the such small- 
size electric motor, there is the risk that the electric 
motor becomes in an overload state and it is 
burned out. Hence, the flywheel disk Is required to 
be rotated gradually by means of a certain trans- 
mission mechanism in order to cause no or little 
overload to be imposed upon the electric motor. 
This system, however, requires a long time for 
rotating the flywheel disk at a high speed. Further, 
such a transmission mechanism produces energy 
such as heat, resulting in a loss of energy. 

The present invention has been performed with 
the above situation taken into account and the 
object of the present invention is to provide a 
device for rotation and a method therefor, capable 
of efficiently converting sequentially input rotative 
driving power into the rotational energy of the 
whole of the layered rotating body of a layer struc- 
ture. This arrangement allows even a small-sized 
electric motor to rotate the heavy flywheel disk at a 
high speed within a short time. 



DISCLOSURE OF INVENTION 

In order to achieve the object as described 
hereinabove, one aspect of this invention is to 
5 provide a rotating device for rotating a layered 
rotating body in a layer structure comprising a 
plurality of rotating plates arranged in layers in a 
spaced relationship equally apart from each other 
and with their rotating axes aligned coaxially, which 

w is characterized in that, on each of said layered 
rotating plates of the layered rotating body, a group 
of each of magnetic poles (31 to 37) is provided on 
the surface of the respective rotating plate facing 
the neighboring layer; said group of each of the 

75 magnetic poles is made equal in polarity to another 
group of each of the magnetic poles provided on 
the surface of the respective rotating plate of the 
neighboring layer; and each magnetic pole of the 
group of the magnetic poles provided on the sur- 

20 face of the respective rotating plate of the neigh- 
boring layer is arranged alternately with each mag- 
netic pole of the group of the magnetic poles 
provided on the surface of the respective rotating 
plate facing the neighboring layer, when the rotat- 

25 ing plates are in a stationary state. 

For the rotating device, the group of each of its 
rotating plates comprises a plurality of magnetic 
poles arranged on each rotating plate at equal 
angles about the axis of rotation of its rotating 

30 plates and in an equally spaced relationship apart 
from its neighboring magnetic poles. 

The rotating device in this aspect of the inven- 
tion is arranged in such a manner that the rotative 
driving power input into the rotating plate of an 

35 input layer is transmitted to another rotating plate 
of a neighboring layer and sequentially to the adja- 
cent rotating plates by magnetic repulsion pro- 
duced between the adjacent layers with respect to 
the displacement in the rotational direction of the 

40 rotating plate and as a consequence that the rotat- 
ing plate of each layer of the layered rotating body 
are rotated concurrently with each other. In this 
case, the rotative driving power to be applied di- 
rectly from a driving source is the one that is 

45 strong enough to drive the rotation of the rotating 
plate of the input layer only; hence, even a motor 
having a low output can drive the rotation of the 
rotating plate thereof. 

In another aspect, this invention is to provide a 

50 rotating device for rotating a layered rotating body 
in a layer structure comprising a plurality of rotat- 
ing plates (101 to 111) arranged in layers in a 
spaced relationship equally apart from each other 
and with their rotating axes aligned coaxially, which 

55 is characterized in that, on each of said layered 
rotating plates of the layered rotating body, first 
and second groups of each of magnetic poles are 
provided on the surface of the respective rotating 





EP 0 683 317 A1 



plate facing the neighboring layer; said first and 
second groups of each of the magnetic poles are 
made equal in polarity to another first and second 
groups of each of the magnetic poles, respectively, 
provided on the surface of the rotating plate of the 5 
neighboring layer; each magnetic pole of the first 
group of the magnetic poles provided on the sur- 
face of the respective rotating plate of the neigh- 
boring layer is arranged alternately with each mag- 
netic pole of the first group of the magnetic poles w 
provided on the surface of the respective rotating 
plate facing the neighboring layer; and each mag- 
netic pole of said second group of the magnetic 
poles provided on the surface of the respective 
rotating plate of the neighboring layer is arranged 75 
overlapping with each magnetic pole of said sec- 
ond group of the magnetic poles provided on the 
surface of the respective rotating plate facing the 
neighboring layer. 

For the rotating device in this aspect of the 20 
invention, the first group of the magnetic poles 
provided on each of its rotating plates comprises a 
plurality of magnetic poles arranged on each rotat- 
ing plate at first equal angles about the center of 
the rotation axis of each of the rotating plates and 25 
in an equally spaced relationship from its neighbor- 
ing magnetic poles and the second group of the 
magnetic poles provided on each of its rotating 
plates comprises a plurality of magnetic poles ar- 
ranged on each rotating plate at second equal 30 
angles about the axis of rotation, yet a half of the 
first equal angles at which the first group of the 
magnetic poles are arranged on each of the rotat- 
ing plates, and in an equally spaced relationship 
from its neighboring magnetic poles. 35 

Further, for the rotating device, the second 
group of the magnetic poles is arranged so as to 
allow a ready rotation of the rotating plates by 
compensating for the influence of the opposite 
magnetic pole appearing in the position between 40 
the neighboring magnetic poles of the first mag- 
netic poles group and to convert even the minute 
force of rotation into the force of urging the rotation 
of the rotating plates. Hence, the addition of the 
second magnetic poles group can efficiently con- 45 
vert the input energy into the rotational energy of 
the rotating plate of each layer. 

For each embodiment of the rotating devices 
as 'described hereinabove, a reverse inhibition 
means for inhibiting a reverse rotation of the rotat- 50 
ing plate may be mounted to the rotating plate of 
the input layer of the layered rotating body, into 
which the rotative driving power is entered, to the 
rotating plate of the layer on the end side relative 
to the input layer, to the rotating plate of an output 55 
layer from which the rotational output is taken, to a 
combination of those rotating plates, or to each of 
all the rotating plates of the whole layers of the 



layered rotating body. 

The arrangement of the reverse inhibition 
means on the rotating plate of the input layer can 
efficiently utilize the entered rotative driving power 
as the force, of urging the rotation of the rotating 
plate of each layer in the normal direction without 
the loss as the force of rotating the rotating plates 
in the reverse direction. 

Further, the arrangement of the reverse inhibi- 
tion means on the rotating plate of the layer on the 
end side relative to the input layer can efficiently 
urge the rotation of the rotating plates, particularly 
at the time of the start of the rotation, because the 
force of the rotation of the rotating plates in the 
normal direction, which is transmitted sequentially 
through each layer from the input layer, is reversed 
or turned at the layer on which the reverse inhibit- 
ing means is mounted, further working as the force 
of urging the rotation of the rotating plate of each 
layer. 

In addition, when the reverse inhibiting means 
is disposed on the rotating plate of the output layer 
from which the rotational output is taken or ex- 
tracted, the rotating plates can be prevented from 
rotating in a reverse direction due to the influence 
of negative load. 

Furthermore, the arrangement of the reverse 
inhibiting means on each rotating plate of the entire 
layers can present the effects better than the ef- 
fects achieved by the arrangements in the embodi- 
ments as described hereinabove. 

For each embodiment of the rotating devices 
as described hereinabove, the rotating plate of the 
input layer into which the rotative driving power is 
entered may further be provided with an intermit- 
tently driving means for applying the rotative driv- 
ing power intermittently to the rotating plate of the 
input layer. 

By applying the rotative driving power intermit- 
tently to the rotating plate of the input layer by the 
intermittently driving means, the rotating plate of 
each layer of the layered rotating |x>dy can be 
rotated more efficiently. The greater effects can be 
achieved particularly in combination with the re- 
verse inhibiting means. 

In each embodiment of the rotating devices as 
described hereinabove, the layered rotating body is 
arranged in such a fashion that it is of a cone- 
shaped structure as a whole, in which the disk- 
shaped rotating plates are arranged vertically and 
coaxially so as to become sequentially larger in 
diameter and heavier in weight in order of layer 
from the rotating plate of the input layer into which 
the rotative driving power is entered and that the 
groups of the magnetic poles on each layer of the 
layered rotating body are arranged so as to be- 
come sequentially larger in magnetic force in order 
of layer from the input layer toward the layers at 
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the end portion side of the layered rotating body. 

This arrangement of the rotating plates can 
smoothly rotate a heavy rotating plate disposed at 
the end portion side of the layered rotating body. 

Further, each embodiment of the rotating de- 
vices as described hereinabove may be structured 
such that the groups of the magnetic poles of each 
layer of the layered rotating body are so arranged 
as for an axial component, extending axially toward 
the center of rotation, of the magnetic repulsion 
working between the groups of the magnetic poles 
on the rotating plate of the neighboring layer to 
become larger and, as a consequence, for each 
rotating plate of an intermediate layer of the lay- 
ered rotating body to be brought into an afloat or 
suspended state by the axial component of the 
magnetic repulsion from the groups of the mag- 
netic poles of both rotating plates of the neighbor- 
ing layers. 

By bringing each rotating plate of the inter- 
mediate layer into a substantially afloat or sus- 
pended state, the rotating plates of those layers 
can be rotated smoothly with little or no substantial 
friction of the respective rotating plates. 

In a further aspect, the present invention is to 
provide a rotating device for rotating a layered 
rotating body in a layer structure comprising a 
plurality of rotating plates arranged in layers in a 
spaced relationship equally apart from each other 
and with their rotating axes aligned coaxially, which 
is characterized in that, on each of said layered 
rotating plates of the layered rotating body, a group 
or groups of each of magnetic poles is or are 
provided on the surface of the respective rotating 
plate facing the neighboring layer; said group or 
groups of each of the magnetic poles is or are 
made opposite in polarity to another group or 
groups of each of the magnetic poles provided on 
the surface of the respective rotating plate of the 
neighboring layer; and each magnetic pole of the 
group or groups of the magnetic poles provided on 
the surface of the respective rotating plate of the 
neighboring layer is arranged overlapping with 
each magnetic pole of the group or groups -of the 
magnetic poles provided on the surface of the 
respective rotating plate facing the neighboring lay- 
er. 

In the above aspect of this invention, the ar- 
rangement of the layered rotating body can trans- 
mit the rotative driving power entered into the rotat- 
ing plate of the input layer sequentially to the 
rotating plate of the neighboring layer by rotating 
the rotating plate of the neighboring layer due to 
the force of magnetic attraction because the force 
of magnetic attraction is produced in the circum- 
ferential direction of rotation between the rotating 
plates of the neighboring layers when the rotating 
plates are rotated. 



In an additional aspect, the present invention is 
to provide a rotating device for rotating a layered 
rotating body in a layer structure comprising a 
plurality of rotating plates arranged in layers in a 
5 spaced relationship equally apart from each other 
and with their rotating axes aligned coaxially, which 
is characterized in that, on each of the rotating 
plates of said layered rotating body, a spring 
means is mounted between the rotating plates of 

10 the neighboring layers of said layered rotating 
body; and said spring means is so arranged as to 
produce a spring force in the direction resisting the 
displacement of the relative position between the 
rotating plates of the neighboring layers caused by 

75 the rotational movement of the rotating plate of the 
neighboring layer. 

By rotating the rotating plates of the neighbor- 
ing layers with the aid of the spring force gen- 
erated by the spring means, the rotative driving 

20 power applied to the rotating plate of the input 
layer can be transmitted sequentially to the rotating 
plates of the neighboring layers. 

In a still further aspect, the present invention is 
to provide a method for the rotation of a layered 

25 rotating body in a layer structure comprising a 
plurality of rotating plates arranged in layers in a 
spaced relationship equally apart from each other 
and with their rotating axes aligned coaxially and 
having a force generating means mounted on the 

30 surface of the rotating plate of each layer facing 
the neighboring layer, said force generating means 
being so adapted as to generate the force in the 
direction in which the spring force resists the dis- 
placement of the relative position between the ro- 

35 tating plates of the neighboring layers caused by 
the rotational movement of the rotating plate, which 
is characterized in that the rotative driving power 
entered into the rotating plate of an input layer of 
said layered rotating body is transmitted by the 

40 force generated by said force generating means 
sequentially to each of the rotating plates of the 
neighboring layers, thereby rotating said layered 
rotating body. 

The force generating means may be com- 

45 prised of the groups of magnetic poles which are 
disposed on the surface of the respective rotating 
plate of each layer on the side of the neighboring 
layer so as to make the polarity on the surfaces of 
the rotating plates of the neighboring layers equal 

50 to each other as well as to generate the force in 
the direction in which to resist the rotational move- 
ment of the rotating plate causing no relative dis- 
placement in the positions of the adjacent rotating 
plates of the neighboring layers. 

55 Further, the force generating means may be 

comprised of the spring means disposed between 
the rotating plates of the neighboring layers and 
arranged so as to have its spring force work in a 
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manner in which to resist the rotational movement 
of the rotating plate causing no relative displace- 
ment in the positions of the adjacent rotating plates 
of the neighboring layers. 

The method for rotation according to the 
present invention may be arranged such that the 
rotative driving power is applied intermittently to 
the input layer of the rotating plate of the layered 
rotating body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partially cut-away, perspective view 
showing a rotating device according to an embodi- 
ment of the present invention. 

Fig. 2 is a side view in section showing the 
rotating device according to the embodiment of this 
invention. 

Fig. 3 is a side view in section showing the 
details of a driving force input mechanism portion 
of the rotating device according to the embodiment 
of this invention. 

Fig. 4 is a view showing an example of the 
arrangement of rachet bearings. 

Fig. 5 is a schematic representation showing 
an arrangement of the positions of permanent mag- 
nets for a flywheel disk in the rotating device 
according to the embodiment of this invention. 

Fig. 6 is a series of schematic representations 
for describing the action of the permanent magnets 
for a flywheel disk in the rotating device according 
to the embodiment of this invention. 

Fig. 7 is a schematic representation showing 
another arrangement of the positions of permanent 
magnets for a flywheel disk in the rotating device 
according to the embodiment of this invention. 

Fig. 8 is a schematic representation showing a 
further arrangement of the positions of permanent 
magnets for a flywheel disk in the rotating device 
according to the embodiment of this invention. 

Fig. 9 is a partially cut-away, perspective view 
showing a rotating device according to another 
embodiment of the present invention. 

Fig. 10 is a side view in section showing the 
details of a driving force input mechanism portion 
of the rotating device according to the another 
embodiment of this invention. 

Fig. 11 is a partially cut-away, perspective view 
showing a rotating device according to a still fur- 
ther embodiment of this invention. 

Fig. 12 is a side view showing the rotating 
device according to the still further embodiment of 
this invention. 

Fig. 13 is a side view in section showing the 
details of a driving force input mechanism portion 
of the rotating device according to the still further 
embodiment of this invention. 



Fig. 14 is a view showing another example of 
the structure of a rachet bearing. 

Fig. 15 is a schematic representation showing 
an arrangement of the positions of permanent mag- 
5 nets for a flywheel disk in the rotating device 
according to the still further embodiment of this 
invention. 

Fig. 16 is a schematic representation showing 
another example of the arrangement of the posi- 

10 tions of permanent magnets for a flywheel disk in 
the rotating device according to the stil! further 
embodiment of this invention. 

Fig. 17 is a schematic representation showing 
the arrangement of the positions of the permanent 

75 magnets for the flywheel disk according to the still 
further embodiment of this invention for describing 
the action of the permanent magnets when the 
flywheel disk is in a stationary state. 

Fig. 18 is a schematic representation showing 

20 the arrangement of the positions of the permanent 
magnets for the flywheel disk according to the still 
further embodiment of this invention for describing 
the action of the permanent magnets when the 
upper flywheel disk is rotated in the normal direc- 

25 tion. 

Fig. 19 is a schematic representation showing 
the arrangement of the positions of the permanent 
magnets for the flywheel disk according to the still 
further embodiment of this invention for describing 
30 the action of the permanent magnets when the 
lower flywheel disk is rotated in the normal direc- 
tion. 

Fig. 20 is a schematic representation showing 
another example of the arrangement of the posi- 
35 tions of permanent magnets for a flywheel disk. 

Fig. 21 is a schematic representation showing 
a further example of the arrangement of the posi- 
tions of permanent magnets for a flywheel disk. 
Fig. 22 is a schematic representation showing 
40 a still further example of the arrangement of the 
positions of permanent magnets for a flywheel disk. 

Fig. 23 is a schematic representation showing 
a still further example of the arrangement of the 
positions of permanent magnets for a flywheel disk. 
45 Fig. 24 is a side view showing another example 

of the arrangement of a poly-layered structure of 
flywheel disks. 

Fig. 25 is a side view showing a further exam- 
ple of the arrangement of a poly-layered structure 
so of flywheel disks. 

Fig. 26 is a side view showing a still further 
example of the arrangement of a poly-layered 
structure of flywheel disks. 

Fig. 27 is a side view showing a still further 
55 example of the arrangement of a poly-layered 
structure of flywheel disks. 

Fig. 28 is a schematic representation showing 
an example in which the rotating device according 
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intended to mean the normal direction of rotation of 
the outer race 20b (i.e. the normal direction of the 
flywheel disk). The arrangement of the rachet bear- 
ings 21 to 27 can suppress the flywheel disks 11 to 
5 17, inclusive, from rotating in the reverse direction 
in their plural positions. If the rachet bearing is 
provided with a number of pawls 20c, the rotation 
can be suppressed in almost all positions. 

The flywheel disks 11 to 17, inclusive, are 
io arranged such that a flywheel disk having a smaller 
radius is superimposed on a flywheel disk having a 
larger radius and that the radius r1 of each flywheel 
disk is set to become larger constantly by rO. In 
other words, given the radius of the flywheel disk 
75 11 of the uppermost layer being indicated by r1, 
the radius ri of each flywheel disk 11 to 17 can be 
represented by the formula: 

r, = r1 + (i - 1)r0 

20 



to the present invention is applied. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

The present invention will be described in 
more detail by way of examples with reference to 
the accompanying drawings. 

Fig. 1 is -a partially cut-away, perspective view 
showing the rotating device according to an em- 
bodiment of the present invention, Fig. 2 is a side 
view in section showing the rotating device accord- 
ing to the embodiment thereof, and Fig. 3 is a side 
view in section showing the details of a driving 
force input mechanism portion of the rotating de- 
vice according to the embodiment thereof. This 
embodiment is directed to an example in which the 
rotating device according to the present invention 
is applied to a flywheel rotating device for rotating 
a layered rotating body with flywheel disks super- 
imposed in plural layers. 

As shown in the drawings, a support frame 1 is 
arranged to have an upper base 1a and a lower 
base 1 b supported and fixed parallel to each other 
by support columns 1c and 1d, and each of the 25 
upper and lower bases 1a and 1b of the support 
frame 1 is provided at its center with a through 
hole in and through both of which a middle axle 3 
is inserted vertically and attached as well as which 
works as the center of rotation of the flywheel 30 
disks. To the middle axle 3 are mounted seven 
flywheel disks 11 to 17, inclusive, with their centers 
of rotation arranged coaxially, which are arranged 
in layers and at distances equally apart vertically 
from the neighboring flywheel disk or disks. Each 35 
of the flywheel disks 11 to 17 is attached to the 
middle axle 3 through each of rachet bearings 21 
to 27, respectively, thereby allowing the rotation 
only in the normal direction. In this description, the 
normal direction is intended to mean the clockwise 40 
direction when looked at the flywheel rotating de- 
vice downward from top. 

Fig. 4 shows an example of the arrangement of 
one of the rachet bearings 21 to 27. The structure 
of the rachet bearing has the mechanism that al- 45 
lows the rotation of the flywheel disks in one (nor- 
mal) direction only and that inhibits the rotation 
thereof in the opposite (reverse) direction. As 
shown in Fig. 4, the rachet bearing may comprise 
an inner race 20a to be attached to the middle axle 50 
3, an outer race 20b to be attached to an inner side 
of the flywheel disk, pawls 20c disposed rotatably 
on the inner race 20a, teeth 20d disposed at the 
inner side of the outer race 20b, and springs 20e 
disposed between the tips of the respective pawls 55 
20c of the inner race 20a and the inner race 20a 
for working so as to push outwardly the pawls 20c. 
In the drawing, the arrow as indicated by "Y" is 



where i = integer of 1 to 7. 
The flywheel disks 11 to 17, inclusive, are mounted 
to the middle axle 3 in a spaced relationship equal- 
ly apart from each other and arranged in such a 
fashion that the outer radius of the second upper- 
most flywheel disk becomes larger by radius r2 
relative to the uppermost flywheel disk and the 
outer radius of each of the other flywheel disk 
becomes sequentially larger by r3 to r7 relative to 
the respective flywheel disk superimposed thereon. 
In other words, the flywheel disks are arranged in a 
coneshaped form as a whole. Further, each of the 
flywheel disks 11 to 17 may be made of iron or an 
alloy of iron and lead and they may become se- 
quentially heavier from top to bottom. The flywheel 
disks 11 to 17 may weigh, for example, 10 kg, 20 
kg, 40 kg, 80 kg, 160 kg, 320 kg and 640 kg, 
respectively. 

A pulley 11a is mounted on an upper surface 
of the flywheel disk 1 1 of the uppermost layer with 
its rotational axis aligned with each other, thereby 
allowing the pulley 11a to rotate integrally with the 
flywheel disk 11. To the base 1a of the support 
frame 1 is mounted and secured a stepping motor 
capable of generating the rotative driving power 
intermittently, and its output shaft 2b is arranged 
inserting through the hole of the base 1a and 
projecting into the support frame 1. Further, the 
pulley 2a is secured to the output shaft 2b. A belt 4 
is attached round the pulley 2a of the stepping 
motor 2 and the pulley 11a of the flywheel disk 11, 
thereby allowing the rotative driving power of the 
stepping motor 2 to be transmitted to the flywheel 
disk 11. 

The permanent magnets 31 to 37, inclusive, 
are disposed through and embedded in the 
flywheel disks 11 to 17, respectively, in such a 
manner that the magnetic poles of each permanent 
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magnet are exposed from the respective surfaces 
of the corresponding flywheel disk. Each of the 
permanent magnets 31 to 37 is arranged on the 
respective flywheel disk 11 to 17 at an equal angle 
and in an equally spaced relationship along and on 
the circumstance of a circle about the middle axle 
3 on each flywheel disk. For example, Fig. 5 shows 
an example of the arrangement of the permanent 
magnets, as indicated generically by reference nu- 
merals 31 and 32, respectively, on and in the 
flywheel disks 11 and 12. As shown in the drawing, 
the total number of six permanent magnets 31a to 

31 f are arranged on the flywheel disk 11 equally 
apart from each other at the angle of 60 0 on the 
circumference of a circle having the radius r1. 
Likewise, the total number of twelve permanent 
magnets consisting of six permanent magnets 32a1 
to 32f1 and six permanent magnets 32a2 to 32f2 
are arranged on the flywheel disk 12, each of the 
permanent magnets being arranged in a spaced 
relationship equally apart from each other at the 
angle of 60° on the circumferences of two circles 
having the radii r1 and r2, respectively. It is to be 
provided that, although Fig. 5 fails to show perma- 
nent magnets 32a1 to 32f1, they are located right 
under and face the respective permanent magnets 
31a to 31 f disposed on the rear surface of the 
rotating plate 1 1 . 

Likewise, each of the flywheel disk 12 to 16 of 
intermediate layers is provided with two circles in 
which the permanent magnets are disposed, an 
inner circle thereof being disposed so as to overlap 
with an outer circle disposed on the neighboring 
flywheel disk superimposed thereon and an outer 
circle thereof being disposed so as to overlap with 
an inner circle disposed on the neighboring 
flywheel disk placed thereunder. The total number 
of six permanent magnets 37a to 37f are arranged 
on the flywheel disk 17 of the lowest layer in a 
spaced relationship equally apart from each other 
at the angle of 60° on the circumference having 
the radius r6. 

Each of the permanent magnets 31 to 37 em- 
bedded in the respective flywheel disks 11 to 17 is 
arranged so as for its exposed magnetic pole to be 
made equal in polarity to the exposed magnetic 
pole of the permanent magnet embedded in the 
neighboring or latter flywheel disk facing the former 
flywheel disk. In other words, for example, the 
permanent magnets 31 and 32 are arranged be- 
tween the flywheel disks 11 and 12 in such a 
manner that the North magnetic poles of the per- 
manent magnets 31 face the North magnetic poles 
of the permanent magnets 32 and the permanent 
magnets 32 and 33 are arranged between the 
flywheel disks 12 and 13 in such a manner that the 
South magnetic poles of the permanent magnets 

32 face the South magnetic poles of the permanent 



magnets 33. Likewise, for example, the permanent 
magnets 36 and 37 are arranged between the 
flywheel disks 16 and 17 in such a manner that the 
South magnetic poles of the permanent magnets 

5 36 face the South magnetic poles of the permanent 
magnets 37. 

It is to be noted herein that, although each of 
the permanent magnets 31 to 37 of the respective 
flywheel disks 11 to 17 forms its own magnetic 

w field, this magnetic field is less subject to the 
influence from the fact that each of the flywheel 
disks 11 to 17 is made of iron. Hence, the shape of 
the magnetic field is considered to be almost the 
same as the magnetic field formed when only each 

75 of the respective permanent magnets 31 to 37 are 
present. 

It is further to be noted herein that the angle at 
which the permanent magnets are disposed is not 
restricted to the angle of the permanent magnets in 

20 the manner as described hereinabove. For exam- 
ple, as shown in Fig. 7, the total number of eight 
permanent magnets are arranged on one circle in a 
spaced relationship equally apart at the angle of 
45*, or, as shown in Fig. 8, the total number of 

25 twelve permanent magnets are arranged on one 
circle equally apart at the angle of 30 •. It can 
furthermore be noted herein that, as in the embodi- 
ment as shown in Fig. 5, when the angles between 
the neighboring permanent magnets of each of the 

30 respective permanent magnets 31 to 37 are rela- 
tively large (i.e. when the number of the permanent 
magnets is relatively small), the diameter of each 
permanent magnet may be made greater than 
when the angles between the neighboring perma- 

35 nent magnets are smaller. 

A description will now be made of the actions 
of the rotating device according to the embodiment 
of this invention. 

First, the action of the permanent magnets 31 

40 to 37, inclusive, mounted to the respective flywheel 
disks 11 to 17 will be described with reference to 
Fig. 6. Fig. 6 shows the mode of the action of the 
permanent magnets 31 and 32 mounted to the 
respective flywheel disks 11 and 12. These perma- 

45 nent magnets 31 and 32 are arranged in such a 
fashion that both of their magnetic poles exposed 
on the surfaces of the neighboring flywheel disks 
facing each other are North magnetic poles so that 
the permanent magnets 31 and 32 act against each 

so other due to their same North magnetic poles and, 
as a consequence, the flywheel disks 11 and 12 
repel each other on account of their same polarity. 
The same can be said of the action of the rest of 
the flywheel disks. 

55 Fig. 6(a) shows a stationary state of the adja- 

cent flywheel disks, i.e. the state in which the 
magnetic poles are in a balanced arrangement. In 
other words, the permanent magnets 31a to 31 f, 
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inclusive, are disposed in the circumference of the 
circle on the flywheel disk 11 so as to be arranged 
alternately with the permanent magnets 32a1 to 
32f1, respectively, disposed in the inner circum- 
ference of the circle on the flywheel disk 12 placed 
right under the flywheel disk 11 and so as to be 
located at the circumferential middle of each of the 
neighboring permanent magnets 32a1 to 32f1 . This 
stationary state occurs between the adjacent 
flywheel disks because, for example, when taking 
account of the permanent magnet 31a, the perma- 
nent magnet 31a is caused to repel from the neigh- 
boring permanent magnet 32a1 of the flywheel disk 
12 in the normal direction (in the clockwise direc- 
tion as indicated by reference symbol "Y n in Fig. 
6(a)) on the basis of a certain magnitude of the 
magnetic repulsion and likewise from the neighbor- 
ing permanent magnet 32b1 in the reverse direc- 
tion (in the counter-clockwise direction) on the ba- 
sis of the same magnitude of the magnetic repul- 
sion as that of the permanent magnet 32a1 and, as 
a consequence, the permanent magnet 31a is al- 
lowed to be located in a stationary state in the 
middle between the permanent magnets 32a1 and 
32b1 where the magnetic repulsion produced by 
the permanent magnets 32a1 and 32b1 is bal- 
anced. 

Fig. 6(b) shows the state in which the flywheel 
disk 11 superimposed over the flywheel disk 12 is 
rotated at a certain angle in the normal direction 
from the stationary state of Fig. 6(a). In this state, 
each of the permanent magnets 31a to 31f of the 
flywheel disk 1 1 are caused to rotate in the normal 
direction to become closer to the respective per- 
manent magnets 32a1 to 32f1 of the flywheel disk 
12 disposed right under the flywheel disk 11. As a 
consequence, each of the permanent magnets 31a 
to 31 f receives the magnetic repulsion in the re- 
verse direction from the respective permanent 
magnets 32a1 to 32f1 of the flywheel disk 12. At 
the same time, each of the permanent magnets 
32a1 to 32fl receives the magnetic repulsion from 
each of the permanent magnets 31a to 31 f in the 
normal direction with the same magnitude as that 
of the magnetic repulsion which each of the perma- 
nent magnets 31a to 31f receives. However, as the 
flywheel disk 11 is suppressed from the reverse 
rotation by the rachet bearing 21, the magnetic 
repulsion acting in the reverse direction upon each 
of the permanent magnets 31a to 31 f is converted 
by the action of the rachet bearing 21 into the force 
for urging the clockwise rotation of the permanent 
magnets 32a1 to 32f1 of the flywheel disk 12 
disposed just below the flywheel disk 11. As a 
result, the flywheel disk 12 is rotated in the normal 
direction with the urged force having the magnetic 
repulsion by twice as large as when no rachet 
bearing is provided. 
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Fig. 6(c) shows the state in which the flywheel 
disk 12 disposed right under the flywheel disk 11 is 
rotated in the normal direction from the stationary 
state as shown in Fig. Fig. 6(a). In this state, each 

5 of the permanent magnets 32a1 to 32f1 of the 
flywheel disk 12 are caused to rotate in the normal 
direction to become closer to the respective per- 
manent magnets 31a to 31 f of the flywheel disk 11 
disposed right above the flywheel disk 12. As a 

10 consequence, each of the permanent magnets 
32a1 to 32f1 receives the magnetic repulsion in the 
reverse direction from the respective permanent 
magnets 31a to 31f of the flywheel disk 11. At the 
same time, each of the permanent magnets 31a to 

75 31 f receives the magnetic repulsion from each of 
the permanent magnets 32a1 to 32f1 in the normal 
direction with the same magnitude as that of the 
magnetic repulsion which each of the permanent 
magnets 31a to 31 f receives. However, as the 

20 flywheel disk 12 is suppressed from the reverse 
rotation by the rachet bearing 22, the magnetic 
repulsion acting in the reverse direction upon each 
of the permanent magnets 32a1 to 32f1 is con- 
verted by the action of the rachet bearing 22 into 

25 the force for urging the clockwise rotation of the 
permanent magnets 31a to 31 f of the flywheel disk 
11 disposed just above the flywheel disk 12. As a 
result, the flywheel disk 1 1 is rotated in the normal 
direction with the urged force having the magnetic 

30 repulsion by twice as large as when no rachet 
bearing is provided. 

As is apparent from the description on Figs. 6- 
(a) to 6(c), the magnetic repulsion produced by the 
permanent magnets between each of the neighbor- 

35 ing flywheel disks, whichever disposed over or 
below, is efficiently converted by the clockwise 
rotation of the flywheel disk into the force for urg- 
ing the clockwise rotation of the neighboring 
flywheel disk. 

40 Then, a description will be made of the opera- 

tion for starting the rotation of the rotating device 
according to the embodiment of this invention. 
First, in order to allow a ready understanding of the 
description, the stepping motor 2 is driven and 

45 rotated by one step to intermittently rotate the 
pulley 2a secured to the output shaft 2b and this 
rotation is transmitted to the pulley 11a with the aid 
of the belt 4, thereby rotating the flywheel disk 11 
of the uppermost layer secured to the pulley 11a 

so by a certain angle in the normal direction. Then, 
this rotation is efficiently transmitted sequentially to 
the flywheel disk 12 disposed just below the 
flywheel disk 1 1 through each of the flywheel disks 
13 to 16 and eventually to the flywheel disk 17 of 

55 the lowest layer in a manner as will be described 
hereinafter, thereby resulting in the rotation of all 
the flywheel disks 11 to 17 by such a certain angle. 
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In other words, as described with reference to 
Fig. 6(b), the clockwise rotation of the flywheel disk 
11 induces the clockwise rotation of the flywheel 
disk 12 disposed right under the flywheel disk 11, 
followed by the clockwise rotation of the flywheel 5 
disk 13 disposed just below the flywheel disk 12. 
This rotation is transmitted to the flywheel disk 14 
disposed right below the flywheel disk 13 and 
sequentially to the flywheel disk disposed right 
below the neighboring flywheel disk, followed by w 
transmitting the rotation eventually to the flywheel 
disk 17 disposed in 'the lowest layer and right 
below the flywheel disk 16 and rotating the 
flywheel disk 17 in the clockwise direction. 

It should be noted herein, however, that each 75 
of the flywheel disks 11 to 17 fails to rotate to the 
extent to which the permanent magnet of the 
flywheel disk rotates over the position of the cor- 
responding permanent magnet of the adjacent 
flywheel disk, due to the magnetic repulsion pro- 20 
duced by the permanent magnets 31 to 37 moun- 
ted to the flywheel disks 11 to 17, respectively. In 
other words, there is formed a so-called "repulsion 
mountain" between each of the adjacent flywheel 
disks 11 to 17 on the basis of a repulsion field 25 
between the permanent magnets mounted to the 
flywheel disk and the permanent magnets mounted 
to the adjacent flywheel disk, and each of the 
respective flywheel disks 11 to 17 fails to cross 
over the corresponding repulsion mountain. Hence, 30 
the displacement of the position of the flywheel 
disk relative to the adjacent flywheel disk fails to 
exceed a predetermined distance between the per- 
manent magnet and the neighboring permanent 
magnet and is restricted within the predetermined 35 
distance (in this embodiment, within the distance 
corresponding to a rotational angle of 60°). 

The rotation caused on the flywheel disk 1 1 is 
then transmitted sequentially to the flywheel disks 
disposed under the flywheel disk 11. In this case, 40 
each of the flywheel disks 11 to 16 is so loaded 
with the flywheel disk disposed thereunder that 
each of the flywheel disks 12 to 16 of intermediate 
layers fails to rotate at the angle greater than the 
angle at which the flywheel disk placed thereabove 45 
rotate. On the other hand, when the rotational force 
has been transmitted eventually to the flywheel 
disk 17 of the lowest layer, the flywheel disk 17 
starts rotating and is provided with a rotational 
energy because the flywheel disk 17 has no load 50 
imposed from the flywheel disposed thereunder. 
Once such a rotational energy is produced on the 
flywheel disk 17, it rotates in the normal direction 
up to the position ahead of the position in which 
the flywheel disk 16 disposed over the flywheel 55 
disk 17 has rotated forward, i.e. in the normal 
direction. This state is shown in Fig. 6(c). Hence, 
the flywheel disk 16 receives the force of urging 



the clockwise rotation from both of the flywheel 
disk 15 disposed thereabove and the flywheel disk 
17 disposed thereunder, causing the flywheel disk 

16 to rotate in the normal direction up to the 
position ahead of the position in which the flywheel 
disk 15 has rotated forward. 

In other words, the force of urging the rotation 
of the flywheel disk is returned at the flywheel disk 

17 and then likewise transmitted sequentially to 
another flywheel disk disposed above the flywheel 
disk disposed thereunder, eventually rotating all the 
flywheel disks concurrently. In order to allow a 
sequential transmission of the rotation from the 
flywheel disk of the input layer to all the rest of the 
flywheel disks, it is required that the flywheel disk 
1 1 of the input layer is fed with the rotative driving 
power in the amount large enough to allow the 
rotative driving power to follow and reach the fly- 
wheel disk of the lowest layer. Once the rotative 
driving power has reached the flywheel disk 17 of 
the lowest layer, it is then returned to the flywheel 
disk disposed above the flywheel disk 17 and pro- 
vides the flywheel disk disposed thereabove with 
the force of urging the clockwise rotation of the 
flywheel disk, then followed by transmitting the 
urging force sequentially to each of the flywheel 
disks disposed thereabove. As described 
hereinabove, the intermittent rotative driving power 
entered into the flywheel disk 11 is transmitted 
equally to each of the flywheel disks 12 to 17 with 
extreme efficiency, resulting in the clockwise rota- 
tion of all the flywheel disks 11 to 17 concurrently. 

This arrangement of the flywheel disks accord- 
ing to the embodiment of this invention can trans- 
mit the force of urging the clockwise rotation se- 
quentially through the flywheel disks 11 to 17 from 
the rotating plate of the upper layer to that of the 
lower layer and backwards from the rotating plate 
of the lower layer to the rotating plate of the upper 
layer as if waves go to and fro, as long as the 
flywheel disk 1 1 is intermittently fed with the rota- 
tive driving power by driving the stepping motor 2 
intermittently. When the rotative driving power is 
kept on being supplied to the flywheel disk 11, all 
the fly-wheel disks 11 to 17 start 'rotating at gradu- 
ally growing speeds in the normal direction. In this 
case, each of the flywheel disks 1 1 to 1 7 is allowed 
to displace its relative position within the angle 
predetermined between the neighboring flywheel 
disks relative to the flywheel disk 11. Further, all 
the flywheel disks 11 to 17 are rotated integrally 
and synchronously with each other at the same 
speeds. 

As the rotational speed of each of the flywheel 
disks 11 to 17 increases gradually in the manner 
as described hereinabove; each flywheel disk 11 to 
17 is gradually supplied with greater rotational en- 
ergy. The flywheel disk is so heavier in weight and 
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larger in diameter than the flywheel disk disposed 
thereabove that particularly the flywheel disk 17 of 
the lowest layer fails to decelerate readily on ac- 
count of a so-called "flywheel effect" even if it 
receives the magnetic repulsion from the flywheel 
disk 16 disposed thereabove in the direction op- 
posite to the direction in which it is rotating. As a 
consequence, an action is caused to occur which is 
similar to the action produced by the rachet bear- 
ing 27 at the time of the start of rotating. In this 
case, too, the force of urging the clockwise rotation 
transmitted from the rotating plate of the upper 
layer sequentially to the rotating plate of the lower 
layer is turned at the rotating plate of the lowest 
layer and returned backwards to the rotating plate 
of the upper layer, resulting in the clockwise rota- 
tion of each of the flywheel disks 11 to 17 at a 
higher speed. 

The flywheel disks 11 to 17 reach their higher 
speeds eventually and they rotate at the same 
angular speeds. In this state, the flywheel disk 
disposed therebelow can store greater rotational 
energy than the flywheel disk disposed thereabove 
because the flywheel disk disposed thereunder is 
larger in diameter and heavier in weight than that 
disposed thereabove. As a consequence, the 
flywheel disks 11 to 17 can store a great mag- 
nitude of rotational energy as a whole. Hence, if 
such a great magnitude of the rotational energy 
could be extracted as generated energy, the elec- 
tric power can be generated in the magnitude as 
great as the rotational energy. The rotational en- 
ergy may be taken or extracted from the flywheel 
disk 17 of the lowest layer; however, as the urging 
force is returned at the flywheel disk 17, it is 
preferred that the rotational energy be taken or 
extracted from another flywheel disk, for example, 
from the flywheel disk 16 of the upper layer adja- 
cent to the flywheel disk 17 of the lowest layer, 
through a belt transmission mechanism. 

Now, a description will be made of the rated 
output required by the stepping motor 2 to be 
employed for the rotating device according to the 
embodiment of this invention. The stepping motor 
2 itself meets with satisfaction in direct respects as 
long as it is satisfied that the motor can intermit- 
tently drive only the rotation of the flywheel disk 1 1 
of the uppermost layer. Hence, no stepping motor 
having large torque is required and such a stepping 
motor having a small size and a small rated output 
can meet with such requirements. In accordance 
with the present invention, the small-sized stepping 
motor 2 can be employed for driving the rotation of 
a flywheel disk having a heavy weight so that even 
the output of the small-sized stepping motor 2 can 
be converted with extreme efficiency into the force 
of rotating the flywheel disk. In other words, the 
stepping motor 2 can be operated with the output 



torque (the output torque capable of driving the 
rotation of the flywheel disk 11) that can dem- 
onstrate its performance to the highest extent, and 
the output can be converted into the force for 

5 rotating each of the flywheel disks 11 to 17 with 
extreme efficiency in the manner as described 
hereinabove. It is to be provided herein, however, 
that the rotative driving power of the stepping mo- 
tor 2 be set to the magnitude that fails to cross 

10 over the so-called 'repulsion mountain' created be- 
tween the flywheel disk 11 and the flywheel disk 12 
disposed thereunder. On the contrary, once the 
flywheel disk 11 would rotate too much and cross 
over the so-called 'repulsion mountain', the 

75 flywheel disk 1 1 further receives the urging force in 
the normal direction from the flywheel disk 1 2 right 
after it has crossed over the repulsion mountain, 
resulting in gradually increasing the speed at which 
the flywheel disk 11 rotates in the clockwise rota- 

20 tion and eventually in running idle at a high speed. 

Then, a description will be made of the rela- 
tionship between the position of the rachet bearing 
and the positions of the permanent magnets. It can 
be noted that no or little considerations are re- 

25 quired if the action of inhibiting the reverse rotation 
would work in substantially the entire positions of a 
large number of the pawls of the rachet bearing. 
On the other hand, when the number of the pawls 
thereof would be so less that there is a backlash in 

30 returning in the reverse direction, it is preferred to 
set the relationship between the arrangements of 
the pawls of the rachet bearing and the permanent 
magnets so as to allow the action of inhibiting the 
reverse rotation to act in the position in which the 

35 repulsion occurs at an appropriate magnitude. 

In this embodiment of the present invention, 
the total magnitude of the magnetic repulsion act- 
ing between each of the neighboring flywheel 
disks, i.e. the flywheel disks between the upper 

40 and lower neighboring layers, is the magnitude of 
the magnetic repulsion produced by adding up the 
total number of six pairs of the upper and lower 
permanent magnets, respectively, each of the per- 
manent magnet being arranged on the upper 

45 flywheel disk and disposed right above each of the 
lower permanent magnet disposed on the lower 
flywheel disk. Further, in this embodiment, the 
magnitude of the magnetic repulsion produced by 
each pair of the lower and upper permanent mag- 

50 nets is set to become equal to each other; how- 
ever, the magnitude of the magnetic repulsion of 
each pair of the permanent magnets is not re- 
stricted to this mode and it may vary in such a 
manner that, for example, the number of the per- 

55 manent magnets is set larger as the flywheel disk 
having a heavier weight is disposed at a lower 
place, thereby increasing the total magnitude of the 
magnetic repulsion to a greater extent. This ar- 



11 




19 EP0 683 



rangement of the number of the permanent mag- 
nets can drive the rotation of the flywheel disks 
disposed in lower layers and having heavier weight, 
without crossing over the so-called 'magnetic repul- 
sion'. It can be noted as a matter of course that, in 5 
place of increasing the number of the permanent 
magnets, the magnetic force of the permanent 
magnets is set so as to become greater as the 
flywheel disks are arranged at lower locations. 

Further, if the number of the permanent mag- 10 
nets for the flywheel disks 11 to 17 would be 
increased and the distance between the neighbor- 
ing flywheel disks would be made closer to a 
sufficient extent, an axial component of the mag- 
netic repulsion is caused to occur at a relatively 75 
great magnitude in the direction in which the axis 
of the center of rotation extends. This axial compo- 
nent can bring each of the flywheel disks 1 2 to 1 6 
of intermediate layers into a substantially afloat or 
suspended state, thereby making the influence of 20 
friction caused by the rotational movement ex- 
tremely low and rotating the flywheel disks 12 to 16 
in a smooth way. 

Fig. 9 shows another embodiment of the rotat- 
ing device according to the present invention and 25 
Fig. 10 shows a side view in section showing the 
details of the portion of the mechanism for entering 
the rotative driving power. In the drawings as re- 
ferred to above, the same parts and elements as in 
the previous embodiment are provided with the 30 
same or corresponding reference numerals and 
symbols. In this embodiment, the output shaft 2b of 
the stepping motor 2 is connected directly to the 
flywheel disk 11, and it is mounted to the upper 
base 1a through a bearing 60 capable of rotating in 35 
both directions. The flywheel disk 1 1 is mounted to 
the middle axle 3 through the rachet bearing 21 in 
substantially the same manner as in the previous 
embodiment. 

The actions of this rotating device according to 40 
the embodiment of this invention are substantially 
the same as in the previous embodiment with the 
exception that the rotative driving power of the 
stepping motor 2 is transmitted directly to the 
flywheel disk 11 through the output shaft 2b in 45 
place of transmitting the rotative driving power 
thereto through the belt transmission mechanism. 

For the flywheel rotating device in the embodi- 
ment as described hereinabove, it is considered 
that the magnetic flux generated from the magnetic 50 
pole, e.g. North magnetic pole, exposed in one 
surface of the flywheel disk passes through the 
flywheel disk in the position between the circum- 
ferentially adjacent magnetic poles on the same 
surface and returns to the opposite magnetic pole, 55 
e.g. South magnetic pole, on the rear side of the 
flywheel disk. Hence, when looked from the one 
surface of the flywheel disk, the South magnetic 
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pole can magnetically be seen, although weak, in 
the position between the adjacent North magnetic 
poles existing on the same surface of the flywheel 
disk. This South magnetic pole has the action of 
pulling the North magnetic pole arranged on the 
facing surface of the flywheel disk of the neighbor- 
ing layer. As a consequence, the facing North 
magnetic poles of the flywheel disk are decreased 
to some extent with respect to the clockwise rota- 
tion due to the influence of the South magnetic 
poles. In other words, this relationship may be 
described by comparison to the relationship be- 
tween the mountain of the magnetic repulsion and 
the "bottom" thereof. In this case, the bottom of 
the magnetic repulsion would be too deep so that 
the neighboring flywheel disk cannot cross over the 
bottom of the magnetic repulsion. In such a state, 
the force of urging the clockwise rotation between 
each of the neighboring layers can not be transmit- 
ted in an efficient fashion. An embodiment that can 
solve such problems will now be described 
hereinafter. 

Fig. 11 is a perspective view showing the rotat- 
ing device according to the still further embodiment 
of this invention; Fig. 12 is a side view showing the 
rotating device thereof; Fig. 13 is a side view in 
section showing the details of the driving force 
input mechanism portion of the rotating device 
thereof; and Fig. 14 is a view showing an example 
of the structure of a rachet bearing to be mounted 
to the flywheel disk of the rotating device according 
to this embodiment. 

As shown in the drawings as referred to above, 
a support frame 1 comprising upper and lower 
bases 1a and 1b, support columns 1c and 1d, and 
so on is attached to a middle axle 3 to which the 
total number of eleven flywheel disks 101 to 111 
are mounted with their rotational axes aligned co- 
axially and with the flywheel disks arranged in 
layers in a spaced relationship equally apart from 
each other. Each of the flywheel disks 101 to 111 
is mounted to the middle axle .3 through the re- 
spective rachet bearing 201 to 21 1 . 

Each of the rachet bearings 201 to 21 1 func- 
tions as a one-way clutch that can allow the 
flywheel disks 101 to 111, respectively, to rotate in 
the normal direction (in this embodiment, the rota- 
tion in the clockwise direction) and to inhibit the 
reverse rotation in the opposite direction. Each of 
the rachet bearings 201 to 211 may have a con- 
ventional structure as shown in Fig. 4. For example, 
when a spherical rachet bearing as shown in Fig. 
14 is employed, it comprises an outer race 200b, 
bearings 200c, a groove portion 200d and springs 
200e. Such a spherical rachet bearing is particu- 
larly effective for increasing the number of posi- 
tions in which the reverse rotation is blocked. 
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Like those in the previous embodiment as de- 
scribed hereinabove, the flywheel disks 101 to 111 
are also arranged such that each of them is set to 
become larger in radius r by a constant length g 
and heavier in weight as it is arranged in a lower 
layer and that the smaller and lighter flywheel disk 
is superimposed on the flywheel disk larger by the 
constant length g in radius r and heavier than the 
flywheel disk disposed right thereabove in such a 
manner that the smallest and lightest flywheel disk 
101 is disposed in the uppermost layer and the 
largest and heaviest flywheel disk 1 1 1 is disposed 
in the lowest layer and each of the neighboring 
layers is placed in a spaced relationship apart 
equally from each other. Further, free bearings 401 
to 41 1 are mounted between each of the neighbor- 
ing layers, respectively, coaxially about the middle 
axle 3, in order to allow a smooth rotation of each 
of the flywheel disks 1 01 to 1 11 . 

To the flywheel disk 101 of the uppermost 
layer is secured a pulley 101a which in turn is 
connected through a belt 4 to a pulley 6a mounted 
to an output shaft 6b of a driving motor 6. As the 
driving motor 6, there may be employed, for exam- 
ple, a motor including a stepping motor or a servo 
motor, which can generate a rotative driving power 
intermittently. 

To the surface of each of the flywheel disks 
101 to 111 are mounted permanent magnets, re- 
ferred in generic terms to as 301 to 311, respec- 
tively. Each of the permanent magnets 301 to 31 1 
disposed on each of the respective flywheel disks 
may be in a small disk shape having an equal 
diameter as shown in Fig. 15. The permanent mag- 
nets mounted to each flywheel disk are arranged in 
such a manner that the magnetic poles of the . 
permanent magnets disposed on one flywheel disk 
are made equal in polarity to the magnetic poles of 
the permanent magnets on the surface of another 
flywheel disk of the neighboring layer and facing 
the surface of the one flywheel disk. In other 
words, for example, the polarity on the surfaces of 
the permanent magnets disposed on the flywheel 
disk 101 and the flywheel disk 102 of the neighbor- 
ing layer is set to South magnetic poles between 
the corresponding flywheel disks; the polarity of the 
permanent magnets between the flywheel disk 102 
and the flywheel disk 103 of the neighboring layer 
is set to North magnetic poles; the polarity of the 
permanent magnets between the neighboring 
flywheel disks 103 and 104 is set to South mag- 
netic poles; and the polarity of the permanent mag- 
nets between the neighboring flywheel disks 104 
and 105 is set to North magnetic poles. Likewise, 
the polarity of the permanent magnets between 
each of the neighboring flywheel disks 105 to 110 
is set alternately to South or North magnetic poles. 
Eventually, the polarity of the permanent magnets 



between the neighboring flywheel disks 110 and 
111 is set to North magnetic poles. As shown in 
the drawings, the polarity of each permanent mag- 
net is represented by reference symbols "N" and 
5 "S" provided after reference numerals 301 to 311, 
inclusive. 

Fig. 15 shows an example of the arrangement 
of the positions of the permanent magnets for the 
flywheel disk. In this example, the flywheel disk is 

io provided with three coaxial circles, each being set 
to become larger by a constant length g from the 
axis of rotation of the flywheel disk than that of the 
neighboring flywheel disk and having a radius (d1, 
d2 and d3, respectively), and the permanent mag- 

75 nets are disposed in each of the coaxial circles. 
Each of the permanent magnets is arranged on the 
circumference of each of the inner circle and the 
intermediate circle at an angle 20 with respect to 
the axis of rotation. The permanent magnets ar- 

20 ranged on the inner circle and the intermediate 
circle are referred to as a first group of magnetic 
poles. On the other hand, each of the permanent 
magnet is arranged on the circumference of the 
outer circle at an angle 6 with respect to the axis of 

25 rotation. The permanent magnets arranged on the 
outer circle are referred to as a second group of 
magnetic poles. In the first group of the permanent 
poles, the relationship represented by the following 
formula: 

30 

(diameter of permanent magnet) + (distance from 
the neighboring permanent magnet) = g 

becomes constant, and this relationship is satisfied 

35 by all the flywheel disks 101 to 1 1 1 . 

In this embodiment, the permanent magnets 
are disposed on the surfaces of the flywheel disks 
of the neighboring layers in an equal arrangement. 
In other words, when the neighboring flywheel 

40 disks are in a stationary state and the magnetic 
repulsion is in a balanced state, on the one hand, 
the permanent magnets of the first group on the 
surface of the flywheel disk of the upper neighbor- 
ing layer are arranged alternately with those of the 

45 first group on the surface of the flywheel disk of the 
lower neighboring layer and, on the other hand, the 
permanent magnets of the second group on the 
surface of the flywheel disk of the upper neighbor- 
ing layer are arranged overlapping with those of the 

so second group on the surface of the flywheel disk of 
the lower neighboring layer. 

As the flywheel disk is larger in size, the circle 
of the flywheel disk on which the permanent mag- 
nets are to be arranged may become larger in 

55 diameter, for example, as shown in Fig. 16. At the 
same time, the number of the permanent magnets 
to be arranged, for example, on the outer circle is 
increased compared with the number of the perma- 
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nent magnets as shown in Fig. 15. However, as 
described hereinabove, the constant length g is set 
to the same value for all the flywheel disks 101 to 
111. On the other hand, although the angle with 
respect to the axis of rotation, at which each of the 5 
permanent magnets is arranged, may vary with 
each of the flywheel disks 101 to 111, the fact that 
the angle at which each of the permanent magnets 
of the second group is arranged on the outer circle 
of each flywheel disk is set to a half of the angle at w 
which each of the permanent magnets of the first 
group is arranged on the inner circle and intermedi- 
ate circle of each flywheel disk is likewise applied 
without any changes to each of the flywheel disks 

101 to 111. 75 

As described hereinabove, the flywheel disks 
101 to 111 are arranged such that the number of 
the permanent magnets is increased as the 
flywheel disks of the lower layers are larger in size, 
thereby making the magnetic repulsion acting be- 20 
tween the neighboring layers greater. This arrange- 
ment can avoid the disconnection of the magnetic 
repulsion between the neighboring layers (in other 
words, crossing over the so-called 'repulsion moun- 
tain' of the magnetic repulsion), even when the 25 
heavier flywheel disk of the lower layer is to be 
rotated. 

In this embodiment of the rotating device ac- 
cording to the present invention, the flywheel disks 
101 to 111 are mounted to the support frame 1 by 30 
pressing them from both of top and bottom so as 
to make the distances between each of the neigh- 
boring layers smaller. In this case, the magnetic 
repulsion acts in the axial direction of the middle 
axle 3 as well as in the circumferential direction of 35 
rotation between each of the neighboring flywheel 
disks 101 to 111 by the permanent magnets 301 to 
311, respectively, mounted thereto. The magnetic 
repulsion acting in the axial direction of the middle 
axle 3 becomes very strong because a number of 40 
the permanent magnets are mounted on the 
flywheel disk so that the weight of each of the 
flywheel disks 102 to 110 of the intermediate layers 
is canceled due to the balance between the mag- 
netic repulsions acting from both of above and 45 
below and that each of the flywheel disks 102 to 
110 is brought into a substantially afloat or sus- 
pended state. Hence, each flywheel disk can be 
rotated in an extremely smooth fashion because 
the rotational friction exerts no or little substantial 50 
influence upon the rotation of the flywheel disks. 

Then, a description will be made of the actions 
and operations of the rotating device according to 
this embodiment of this invention. 

First, the basic action of this rotating device is 55 
substantially the same as in the previous embodi- 
ments of the rotating devices according to the 
present invention as described hereinabove. In oth- 



er words, the basic action comprises transmitting 
the rotative driving power entered into the flywheel 
disk 101 of the uppermost layer equally through 
the flywheel disks 102 to 110 eventually to the 
flywheel disk 111 of the lowest layer as if waves 
run and then turning the rotative driving power at 
the flywheel disk 111, followed by returning back- 
wards sequentially to the flywheel disks of the 
upper layer as the force of urging the clockwise 
rotation of the flywheel disks of the upper layers. In 
this embodiment, this basic action is realized main- 
ly by the first group of the magnetic poles of the 
permanent magnets arranged on the inner circle 
and the intermediate circle of each of the flywheel 
disks. 

In other words, as shown in Fig. 17, when each 
of the flywheel disks 101 to 111 is in a stationary 
state, the first group of the permanent poles (as 
represented by white circles in the drawing) ar- 
ranged on the inner circle and the intermediate 
circle of the flywheel disk are in such a state as 
balanced with the first group of those (as repre- 
sented by hatched circles in the drawing) arranged 
on the inner circle and the intermediate circle of 
the flywheel disk of the neighboring layer and the 
former is arranged alternately with the latter in a 
stationary state. For brevity of explanation, given 
the first and second groups of the permanent poles 
disposed on the neighboring flywheel disks are 
arranged all as North magnetic poles, weak South 
magnetic poles can be said to be seen between 
the circumferentially adjacent permanent magnets 
of the first group of the North magnetic poles in the 
manner as described hereinabove. 

In this state, on the other hand, the second 
group of the North magnetic poles on the outer 
circle of the flywheel disk is arranged so as to 
overlap with the second group of the North mag- 
netic poles on the flywheel disk of the neighboring 
layer so that the magnetic repulsion little acts in 
the direction of rotation and instead a large mag- 
nitude of the magnetic repulsion acts in the vertical 
direction. The vertical magnetic repulsion of the 
second group of the North magnetic poles can be 
seen as if it negate the attraction by the South 
magnetic poles seen in the middle of the adjacent 
permanent magnets in the first group of the North 
magnetic poles, when looked from the first group of 
the North magnetic poles on the neighboring 
flywheel disk. Hence, even if the permanent mag- 
nets are arranged in the manner as shown in Fig. 
17, the flywheel disks can be rotated with ease. 

Further, for example, as shown in Fig. 18, when 
the flywheel disk of the upper neighboring layer is 
rotated in the normal direction (i.e. in the direction 
as indicated by the arrow Y in the drawing), it is 
caused to act its magnetic repulsion upon the 
flywheel disk of the lower neighboring flywheel disk 
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without rotating in the reverse direction due to the 
action of the rachet bearing, thereby rotating the 
flywheel disk of the lower neighboring layer in the 
normal direction. Likewise, as shown in Fig. 19, as 
the flywheel disk of the lower neighboring layer is 
rotated in the normal direction (i.e. in the direction 
as indicated by the arrow Y in the drawing), it is 
caused to act its magnetic repulsion upon the 
flywheel disk of the upper neighboring flywheel 
disk without rotating in the reverse direction due to 
the action of the rachet bearing, thereby rotating 
the flywheel disk of the upper layer in the normal 
direction. This action is substantially the same as 
described with reference to Fig. 6. 

Then, a description will be made of the in- 
stance where the flywheel disk is rotated at a very 
slight angle from the position as shown in Fig. 17 
in this embodiment of the rotating device according 
to the present invention. In this instance, this ar- 
rangement of the magnetic poles of the permanent 
magnets is less sensitive to the rotational move- 
ment at such a very slight angle and no or little 
magnetic repulsion is caused to occur in the first 
magnetic pole group of the permanent magnets 
because the permanent magnets in the first mag- 
netic pole group are apart in distance between the 
permanent magnets on the neighboring flywheel 
disks of the upper and lower layers; however, on 
the other hand, the second magnetic pole group of 
the permanent magnets is very sensitive to even 
such a slightly angular movement producing a 
large magnitude of magnetic repulsion because the 
second magnetic pole group of the permanent 
magnets is arranged in an overlapped state, there- 
by converting the resulting magnetic repulsion into 
the force of urging the clockwise rotation of the 
flywheel disks. 

In the rotating device according to the present 
invention, when the rotational energy is sought to 
be stored by rotating the flywheel disks heavier in 
weight, the polarity of the first magnetic pole group 
is made stronger to thereby make the magnetic 
connection between the upper and lower neighbor- 
ing flywheel disks higher by the magnetic repul- 
sion. Fig. 20 shows an example of the arrangement 
of the permanent magnets which can satisfy the 
requirements as described hereinabove, in which 
the number of the permanent magnets in the first 
magnetic pole group is increased in the radial 
direction of the flywheel disk. In the example as 
shown in Fig. 20, the number of the permanent 
magnets in the first magnetic pole group is in- 
creased by two each in the axial direction to four, 
compared with the number of the permanent mag- 
nets as shown in Fig. 15, thereby strengthening the 
polarity of the first magnetic pole group. 

On the other hand, when the action of the 
second magnetic pole group of the permanent 



magnets is sought to be strengthened, an addi- 
tional set of the second magnetic pole group of the 
permanent magnets may be arranged on the inner- 
most circle in the manner, for example, as shown 

5 in Fig. 21. In the example of Fig. 21, the permanent 
magnets to be disposed on the innermost circle of 
the flywheel disk of the upper neighboring layer are 
arranged so as to overlap with those disposed on 
the flywheel disk of the lower neighboring layer, 

w when the flywheel disks are in stationary state, 
thereby constituting an additional second magnetic 
pole group. 

In the rotating device according to the embodi- 
ment of this invention, the first magnetic pole group 

75 of the permanent .magnets can be said to contri- 
bute mainly to an increase in the power of the 
rotating device, while the second magnetic pole 
group of the permanent magnets can be said to 
contribute mainly to an increase in the rotational 

20 speed of the flywheel disks. 

As described hereinabove, the rotating device 
according to the embodiment of this invention can 
convert the input energy very efficiently into the 
rotational energy for rotating all the flywheel disks 

25 because it is arranged likely to allow the flywheel 
disk to rotate at a very slight angle and it can very 
efficiently convert even such a very slight rotation 
into the force of urging the clockwise rotation of the 
flywheel disks, in addition to a large magnitude of 

30 rotation of the flywheel disks. 

It is to be noted that, although the permanent 
magnets mounted to each of the flywheel disks 
may generally be arranged alternately so as for 
their polarity to have North magnetic poles, South 

35 magnetic poles, North magnetic poles, South mag- 
netic poles, ... in this order, the arrangement of the 
polarity of the permanent magnets is not restricted 
to this mode and it is also possible to arrange the 
permanent magnets on all the layers so as to show 

40 the equal polarity, for example, North magnetic 
poles. In addition, the shape of the permanent 
magnet is not restricted to a circler shape in sec- 
tion. For example, as shown in Fig. 22, one set of 
the permanent magnets in the first magnetic pole 

45 group may be of a flat shape, rectangular in sec- 
tion with a pair of sides rounded, or, as shown in 
Fig. 23, a portion of the permanent magnets in both 
of the first magnetic pole group and the second 
magnetic pole group may be combined into a flat 

50 shape, rectangular in section with a pair of sides 
rounded. 

Further, the present invention is not restricted 
to an example of the specific arrangement of the 
first and second magnetic pole groups on each of 
55 all the flywheel disks 101 to 111. For example, it is 
also possible to arrange only the first magnetic 
pole group on the flywheel disk of the input layer 
and to arrange both of the first magnetic pole 
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group and the second magnetic pole group on 
each of the rest of the flywheel disks. 

It is further to be noted that various modifica- 
tions and changes are also possible in practicing 
the present invention. 

For example, in each of the embodiments of 
the rotating devices as described hereinabove, the 
rachet bearing for preventing the reverse rotation is 
mounted to each of all the flywheel disks; however, 
the present invention is not restricted to this ar- 
rangement. For instance, the sufficient effect can 
be achieved even when the rachet bearing is 
mounted to only the flywheel disk of the uppermost 
layer into which the rotative driving power is en- 
tered or the reverse rotation that may be caused 
by the influence during the extraction of the load 
can be suppressed by mounting the rachet bearing 
to. the flywheel disk of the output layer from which 
the output is taken or extracted (for example, the 
flywheel disk of the second lowest layer). It is 
further possible to mount the rachet bearing to a 
combination of those layers. In addition, even if no 
rachet bearing would be mounted to any flywheel 
disk, it is also possible to efficiently convert the 
entered rotative driving power into the rotation of 
the flywheel disk of each layer. Although the effect 
achieved by this arrangement, however, is less 
efficient than the examples as described 
hereinabove, this embodiment can achieve the ob- 
ject of this invention so that this embodiment can 
also be understood to be encompassed within the 
scope of this, invention. 

It is further to be noted that, although the 
rachet bearing is employed as the means for inhib- 
iting the reverse rotation of the flywheel disk, this 
invention is not restricted to the rachet bearing and 
it may comprise any various means as long as it 
can inhibit the reverse rotation of the flywheel disk, 
that is, as long as it can perform the function as a 
one-way clutch. 

In the embodiments as described hereinabove, 
the stepping motor capable of intermittently gen- 
erating the rotative driving power is employed as a 
source for generating the rotative driving power. It 
can be noted, however, that the source for generat- 
ing the rotative driving power is not restricted to 
the such stepping motor and a servo motor or the 
like can also be employed. Further, it may also be 
possible to use a mechanism capable of intermit- 
tently supplying the rotative driving power of a 
usual motor to the flywheel disk of the uppermost 
layer by means of an electromagnetic clutch or any 
other device or to use a mechanically rotation- 
driving device capable of generating an intermittent 
rotative driving power. In addition, the rotative driv- 
ing power to be entered into the rotating device 
according to the present invention is not restricted 
to the type of being intermittently entered and it 



may be rotative driving power of such a type as 
being continually entered by a usual motor. It 
should be noted herein that, although the continual 
entry of the rotative driving power is less efficient 

5 for achieving the effects sought to be performed by 
the rotating device according to the present inven- 
tion than the intermittent entry of the rotative driv- 
ing power, the effects can be said to be satisfac- 
tory. Further, when the rotative driving power is 

w continually entered, it is preferred that it is com- 
bined with the disposition of the rachet bearing. In 
this case, however, the entry of the intermittent 
rotative driving power is more effective and particu- 
larly so at the time when the rotating device starts 

rs rotating. 

In the embodiments of the rotating devices 
according to the present invention, each of the 
permanent magnets is arranged on the same cir- 
cumference of the circle at an equal angle and in 

20 an equally angularly spaced relationship relative to 
the adjacent permanent magnet. The present in- 
vention, however, is not restricted to this arrange- 
ment and any arrangement can be accepted as 
long as the permanent magnets are disposed in 

25 such a manner that the 'repulsion mountain' and 
the 'bottom' of the magnetic repulsion caused to 
occur between the flywheel disks of the neighbor- 
ing layers are arranged so as to become engaged 
with each other at a certain location between the 

30 flywheel disks of the neighboring layers. 

Further, in the embodiments of the rotating 
devices according to the present invention, the 
permanent magnets are employed as the means 
for generating the magnetic repulsion between the 

35 neighboring flywheel disks. It should be noted, 
however, that the present invention is not restricted 
to those permanent magnets and an electric mag- 
net may also be employed. Furthermore, a super- 
conductive electric magnet can provide an ex- 

40 tremely great magnitude of repulsion, thereby ca- 
pable of rotating the flywheel disks of a consider- 
ably heavy weight. It can further be noted as a 
matter of course that the permanent magnets can 
be combined with the electric magnets. In addition, 

45 it is effective to use the permanent magnets when 
the rotating device is sought to be compact in size. 

The material of the flywheel disks is not re- 
stricted to a magnetic material such as iron or the 
like, as employed in the embodiments according to 

so the present invention, and it may be a non-mag- 
netic material such as, for example, concrete or a 
synthetic resin. The shape of the flywheel disk is 
not restricted to a disk shape and the flywheel disk 
may be of a polygonal shape with many equal 

55 sides. Further, the flywheel disks may be struc- 
tured such that each of all the flywheel disks is 
equal in weight. 
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Further, the whole shape of the flywheel disks 
arranged in layers is not restricted to a conical 
shape as in the embodiments as described 
hereinabove. For example, as shown in Fig. 24, it 
may be of a columnar form. In this arrangement of 
the whole flywheel disks, they may be structured in 
such a manner that each of the flywheel disks is 
sequentially thicker in disk thickness as they are 
placed in lower layers, and the rotative driving 
power is entered into the flywheel disk of the 
uppermost layer. Further, as shown in Fig. 25, the 
whole flywheel disks may be structured in an in- 
verted cone-shaped arrangement in which the rota- 
tive driving power is entered from the flywheel disk 
of the lowest layer. In addition, as shown in Fig. 26, 
the whole flywheel disks may be arranged in a 
generally rectangular shape in section with both 
vertical sides generally rounded outwardly. In this 
embodiment, the rotative driving power can be 
entered from either of the flywheel disk of the 
uppermost layer or of the lowest layer. Further- 
more, as shown in Fig. 27, the whole flywheel disks 
may be arranged in a generally rectangular shape 
in section with both vertical sides generally round- 
ed inwardly. In this arrangement of the flywheel 
disks, the rotative driving power may be entered 
from* the flywheel disk of the middle layer. 

Furthermore, in the embodiments of the rotat- 
ing devices according to the present invention, the 
magnetic repulsion produced between the magnets 
having the same polarity is employed as the 
means for transmitting the rotative driving power 
sequentially to the flywheel disks arranged in lay- 
ers. In addition, the present invention is not re- 
stricted to the such means and it is also possible to 
utilize the magnetic attraction produced between 
the magnets having the opposite polarity. In other 
words, in this embodiment of the rotating device as 
described hereinabove, the permanent magnets 
disposed on the surface of the flywheel disk are 
arranged so as to be opposite in polarity to those 
disposed on the surface of the facing neighboring 
flywheel disk. Even when the permanent magnets 
are arranged in this manner, the rotative driving 
power entered into the flywheel disk of the upper- 
most layer is transmitted sequentially to the 
flywheel disks disposed in lower layers one after 
another. 

Likewise, the spring force produced mechani- 
cally by a spring may also be employed, in place 
of the magnetic force produced by the magnets, as 
the means for transmitting the rotative driving pow- 
er sequentially to the flywheel disks arranged in 
layers. For example, it is possible to arrange a 
tension spring between the flywheel disks of the 
neighboring layers in the positions in which the 
permanent magnets otherwise are disposed, in 
place of the permanent magnets disposed between 



the neighboring flywheel disks in the embodiments 
of the rotating devices as described hereinabove. 
Once the flywheel disk rotates and displaces its 
relative position in the circumferential direction of 

5 its rotation, the tension spring produces the spring 
force in the direction in which to resist the dis- 
placement of the relative positions of the flywheel 
disks in the circumferential direction of rotation. 
This spring force is transmitted from the flywheel 

to disk of the uppermost layer one after another se- 
quentially to the flywheel disk of the lowest layer. 
In addition, the spring that can be utilized for this 
purpose is not restricted to the tension spring and, 
for example, a compression spring may also be 

75 employed. When the compression spring is em- 
ployed, it is disposed in such a manner that it is 
arranged so as for its axis to coincide with the 
circumferential direction of the neighboring flywheel 
disks and that its one end is mounted to the 

20 flywheel disk of the upper neighboring layer and its 
other end is mounted to the flywheel disk of the 
lower neighboring layer. Further, a coiled spring, a 
spiral spring or the like may also be mounted 
between the flywheel disks of the neighboring lay- 

25 ers. 

Fig. 28 shows an example in which the present 
invention is applied. This example indicates the 
flywheel rotating device that can be rotated at a 
very high speed, and this flywheel rotating device 

30 comprises a combination of three flywheel rotating 
devices 41, 42 and 43, each being of a conical 
shape as described hereinabove. The flywheel ro- 
tating devices 41 , 42 and 43 are arranged such that 
the flywheel disk of the lowest layer in the flywheel 

35 rotating device 41 is connected through a belt 51 
with the flywheel disk of the uppermost layer in the 
flywheel rotating device 42 and, further, that the 
flywheel disk of the lowest layer in the flywheel 
rotating device 42 is connected through a belt 52 

40 with the flywheel disk of the uppermost layer in the 
flywheel rotating device 43. This arrangement of 
the flywheel rotating devices can produce a very 
high speed of rotation because, once the rotational 
number of the flywheel rotating device 41 is trans- 

45 mitted through the belt 51 to the flywheel rotating 
device 42, the rotational number is increased to an 
n-fold rotational number on the basis of the dif- 
ference in diameter between the flywheel disks of 
the flywheel rotating devices 41 and 42 connected 

50 to each other through the belt 51. Likewise, once 
the rotational number of the flywheel rotating de- 
vice 42 is transmitted through the belt 52 to the 
flywheel rotating device 43, the rotational number is 
increased to an /n-fold rotational number on the 

55 basis of the difference in diameter between the 
flywheel disks of the flywheel rotating devices 42 
and 43 connected to each other through the belt 
52, eventually leading to the (n x /n)-fold rotational 
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number of the rotational number of the flywheel 
rotating device 41. When this arrangement is struc- 
tured in a system, it can rotate the flywheel disks 
having a considerably heavy weight at a very high 
speed so that a very great magnitude of rotational 
energy can be provided as a whole. 

As described hereinabove, the present inven- 
tion can convert the sequentially entered rotative 
driving power efficiently into the rotational energy 
of the whole of the rotating body arranged in lay- 
ers. When the present invention is applied to the 
flywheel disk rotating device, even a small-size 
electric motor can rotate the heavyweight flywheel 
disks at a high speed within a short time. 

INDUSTRIAL APPLICABILITY 

As described hereinabove, the rotating device 
according to the present invention can be utilized 
as a flywheel disk rotating device in a flywheel 
energy storage system and the like. When the 
flywheel disk rotating device according to the 
present invention is arranged so as to extract a 
great magnitude of rotational inertia energy accu- 
mulated in the flywheel disks instantaneously, the 
such rotating device can be utilized for, for exam- 
ple, rolling mills at iron works and cement mills at 
cement plants, where a great magnitude of energy 
is instantaneously required. 

Further, the rotating device according to the 
present invention can first rotate a small-size 
flywheel disk with a small rotational force (torque) 
and then rotate a larger flywheel disk, thereby 
extracting a larger magnitude of rotational energy. 
In this respect, the rotating device according to the 
present invention can be considered as a torque 
converter and it can extract the output from each 
flywheel disk of its layered arrangement. Hence, 
the rotating device according to the present inven- 
tion can be said to be a torque converter of a 
multiple-stage switch type. If it is employed for 
such purposes, it is preferred to make the total 
weight of the flywheel disks lighter in order to 
perform more work toward the outside. 

When the rotating device according to the 
present invention is employed as a flywheel energy 
storage system, it is considered that the input 
energy is stored mainly as the rotational energy of 
the flywheel disks. In other respect, however, it is 
considered that the rotating device according to the 
present invention stores the input energy as energy 
of the magnetic repulsion produced between the 
neighboring layers of the layered rotating body. 
Further, the rotating device according to the 
present invention can be said to be a magnetic- 
type transmission device when it is considered that 
the input energy is accumulated in the form of 
magnetic energy and that the magnetic energy is 
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extracted from the output side. In this case, it is 
preferred that, like the former embodiment of the 
rotating device according to the present invention, 
each of the rotating plates be made rather light in 
5 weight in order that the input energy is not lost as 
a rotational energy of the rotating plates. 

Claims 

10 1. A rotating device for rotating a layered rotating 
body in a layer structure comprising a plurality 
of rotating plates (11 to 17) arranged in layers 
in a spaced relationship equally apart from 
each other and with their rotating axes (3) 

75 aligned coaxially, 

characterized in that, on each of said layered 
rotating plates of the layered rotating body, a 
group of each of magnetic poles (31 to 37) is 
provided on the surface of the respective rotat- 

20 ing plate facing the neighboring layer; said 

group of each of the magnetic poles is made 
equal in polarity to another group of each of 
the magnetic poles provided on the surface of 
the respective rotating plate of the neighboring 

25 layer; and each magnetic pole of the group of 

the magnetic poles provided on the surface of 
the respective rotating plate of the neighboring 
layer is arranged alternately with each mag- 
netic pole of the group of the magnetic poles 

30 provided on the surface of the respective rotat- 

ing plate facing the neighboring layer, when 
the rotating plates are in a stationary state. 

2. A rotating device as claimed in claim 1, 

35 characterized in that the group of the mag- 

netic poles provided on each of the rotating 
plates comprises a plurality of magnetic poles 
arranged at an equal angle about the axis of 
rotation of each rotating plate and in a spaced 

40 relationship equally apart from each other. 

3. A rotating device for rotating a layered rotating 
body in a layer structure comprising a plurality 
of rotating plates (101 to 111) arranged in 

45 layers in a spaced relationship equally apart 

from each other and with their rotating axes 
aligned coaxially, 

characterized in that, on each of said layered 
rotating plates of the layered rotating body, 

so first and second groups of each of magnetic 

poles (301 to 311) are provided on the surface 
of the respective rotating plate facing the 
neighboring layer; said first and second groups 
of each of the magnetic poles are made equal 

55 in polarity to another first and second groups 

of each of the magnetic poles, respectively, 
provided on the surface of the rotating plate of 
the neighboring layer; each magnetic pole of 
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the first group of the magnetic poles provided 
on the surface of the respective rotating plate 
of the neighboring layer is arranged alternately 
with each magnetic pole of the first group of 
the magnetic poles provided on the surface of 5 
the respective rotating plate facing the neigh- 
boring layer; and each magnetic pole of said 
second group of the magnetic poles provided 
on the surface of the respective rotating plate 
of the neighboring layer is arranged overlap- w 
ping with each magnetic pole of said second 
group of the magnetic poles provided on the 
surface of the respective rotating plate facing 
the neighboring layer. 

75 

A rotating device as claimed in claim 3, 
characterized in that said first group of the 
magnetic poles provided on each of the rotat- 
ing plates comprises a plurality of magnetic 
poles arranged at a , first equal angle about the 20 
axis of rotation in a spaced relationship equally 
apart from each other; and said second group 
of the magnetic poles provided on each of the 
rotating plates comprises a plurality of mag- 
netic poles arranged at a second equal angle 25 
about the axis of rotation, said second equal 
angle being a half of said first equal angle. 

A rotating device as claimed in any one of 
claims 1 to 4, characterized by further com- 30 
prising an intermittently driving means for in- 
termittently providing the rotative driving power 
to the rotating plate of an input layer into which 
the rotative driving power is entered. 

35 

A rotating device as claimed in any one of 
claims 1 to 4, characterized in that a reverse 
inhibiting means for inhibiting a reverse rota- 
tion of the rotating plate is mounted to the 
rotating plate of an input layer into which the 40 
rotative driving power is entered, the rotating 
plate located on the end side relative to the 
rotating plate of the input layer, the rotating 
plate of an output layer from which rotational 
output is taken, a combination of these rotating 45 
plates, or each of all the rotating plates of said 
rotating body. 

A rotating device as claimed in claim 5, 
characterized in that a reverse inhibiting 50 
means for inhibiting a reverse rotation of the 
rotating plate is mounted to the rotating plate 
of an input layer into which the rotative driving 
power is entered, the rotating plate located on 
the end side relative to the rotating plate of the 55 
input layer, the rotating plate of an output layer 
from which rotational output is taken, a com- 
bination of these rotating plates, or each of all 



the rotating plates of said rotating body. 

8. A rotating device as claimed in any one of 
claims 1 to 4, 

characterized in that said rotating plates of 
the layered rotating body are arranged such 
that each rotating plate is of a disk shape; 
each rotating plate of a lower neighboring layer 
is larger in diameter and heavier in weight than 
each rotating plate of an upper neighboring 
layer; said layered rotating body is structured 
in a conical shape as a whole; and said group 
or groups of the magnetic poles provided on 
the rotating plate of each layer of the layered 
rotating body is or are arranged such that its or 
their magnetic force as a whole becomes 
gradually greater from the rotating plate of the 
input layer sequentially to the rotating plate of 
the layer located on the end side. 

9. A rotating device as claimed in any one of 
claims 1 to 4, characterized in that said 
group or groups of the magnetic poles pro- 
vided on the rotating plate of each layer of the 
layered rotating body is or are arranged such 
that an axial component of its or their magnetic 
repulsion, axially extending along the axis of 
rotation, acting between said group or groups 
of the magnetic poles provided between the 
rotating plate of the neighboring layer and the 
rotating plate facing the neighboring layer be- 
comes larger than a circumferential component 
thereof, extending along the direction of rota- 
tion; and each of the rotating plates of inter- 
mediate layers of said layered rotating body is 
in an afloat or suspended state by said axial 
component thereof produced by the group or 
groups provided on the rotating plate of the 
neighboring layer and the rotating plates facing 
the neighboring layer. 

10. A rotating device for rotating a layered rotating 
body in a layer structure comprising a plurality 
of rotating plates arranged in layers in a 
spaced relationship equally apart from each 
other and with their rotating axes aligned co- 
axially, 

characterized in that, on each of said layered 
rotating plates of the layered rotating body, a 
group or groups of each of magnetic poles is 
or are provided on the surface of the respec- 
tive rotating plate facing the neighboring layer; 
said group or groups of each of the magnetic 
poles is or are made opposite in polarity to 
another group or groups of each of the mag- 
netic poles provided on the surface of the 
respective rotating plate of the neighboring lay- 
er; and each magnetic pole of the group or 
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groups of the magnetic poles provided on the 
surface of the respective rotating plate of the 
neighboring layer is arranged overlapping with 
each magnetic pole of the group or groups of 
the magnetic poles provided on the surface of 5 
the respective rotating plate facing the neigh- 
boring layer. 

11. A rotating device for rotating a layered rotating 
body in a layer structure comprising a plurality 10 
of rotating plates arranged in layers in a 
spaced relationship equally apart from each 
other and with their rotating axes aligned co- 
axially, 

characterized in that, on each of the rotating 75 
plates of said layered rotating body, a spring 
means is mounted between the rotating plates 
of the neighboring layers of said layered rotat- 
ing body; and said spring means is so ar- 
ranged as to produce a spring force in the 20 
direction resisting the displacement of the rela- 
tive position between the rotating plates of the 
neighboring layers caused by the rotational 
movement of the rotating plate of the neighbor- 
ing layer. 25 

12. A method for the rotation of a layered rotating 
body in a layer structure comprising a plurality 
of rotating plates arranged in layers in a 
spaced relationship equally apart from each 30 
other and with their rotating axes aligned co- 
axially and having a force generating means 
mounted on the surface of the rotating plate of 
each layer facing the neighboring layer, said 
force generating means being so adapted as to 35 
generate the force in the direction in which the 
spring force resists the displacement of the 
relative position between the rotating plates of 

the neighboring layers caused by the rotational 
movement of the rotating plate, 40 
characterized in that the rotative driving pow- 
er entered into the rotating plate of an input 
layer of said layered rotating body is transmit- 
ted by the force generated by said force gen- 
erating means sequentially to each of the rotat- 45 
ing plates of the neighboring layers, thereby 
rotating said layered rotating body. 

13. A method for the rotation of the layered rotat- 
ing body as claimed in claim 12, 50 
characterized in that said force generating 
means is a group of magnetic poles which are 
disposed on the surface of the rotating plate of 

the layer facing the neighboring layer; which 
are arranged so as to be equal in polarity to 55 
those disposed on the surface of the rotating 
plate of the neighboring layer; and which are 
arranged so as to generate magnetic repulsion 



in the direction in which the force generated by 
said magnetic poles resists the displacement 
of the relative positions between the rotating 
plates of the neighboring layers due to the 
rotational movement of the rotating plate. 

14. A method for the rotation of the layered rotat- 
ing body as claimed in claim 12, 
characterized in that said force generating 
means is a spring means which is disposed 
between the rotating plates of the neighboring 
layers of said layered rotating body; and which 
generates a spring force in the direction in 
which the spring force resists the displacement 
of the relative positions between the rotating 
plates of the neighboring layers due to the 
rotational movement of the rotating plate. 

15. A method for the rotation of the layered rotat- 
ing body as claimed in any one of claims 1 1 to 
14, characterized in that the rotative driving 
power is entered intermittently into the rotating 
plate of an input layer. 
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